An 8-day-old male Angus calf was presented to the University of Illinois, Veterinary Teaching Hospital, Urbana, IL, for lethargy, weakness, and poor suckle reflex. Clinical evaluation revealed a strong leftsided heart murmur and a split S2 sound. The calf died within 48 hours. Necropsy revealed a combination of the following cardiac defects: left ventricular hypoplasia, high ventricular septal defect, left auricular atresia with mitral valve aplasia, patent foramen ovale, patent ductus arteriosus, and pulmonary trunk atresia. Mild suppurative pneumonia with pulmonary edema and congestion were also present. This combination of defects appears to be similar to the hypoplastic left heart syndrome in humans and is reported here for the first time in cattle.
There are a variety of congenital cardiac defects found in cattle, the most common of which are interventricular septal defects (VSDs). 2, 5 The causes of such defects continue to be poorly understood. The following is a case report of a combination of bovine cardiac abnormalities, which appears to be similar to hypoplastic left heart syndrome (HLHS) in humans.
A 33. 6 ness, and a poor suckle reflex since birth. On physical examination, a left-sided murmur as well as a split S2 heart sound were detected (an abnormal heart sound caused by the left and right ventricle contracting at slightly different times). These ausculatory findings were suggestive of a subpulmonic interventricular septal defect or a complex anomaly with a relative pulmonic stenosis. 8 The latter cardiac abnormalities result in turbulent blood flow patterns creating vibrations (or murmurs), and pulmonic stenosis causes outflow obstruction from the right ventricle (thus it takes the right ventricle longer to contract and eject blood), and the left and right ventricular contractions are asynchronous. The calf died approximately 48 hours after clinical examination and was submitted immediately for necropsy. Gross lesions were limited to the cardiovascular and pulmonary systems. The lungs were rubbery, and on the cut surface they oozed abundant clear fluid. In situ, the right ventricle was moderately enlarged and formed the apex of the heart.
When the heart and lungs were removed from the thoracic cavity and the right ventricle opened, no outflow was noted except for a 2-cm-diameter oval opening in the upper portion of the interventricular septum (high VSD) ( Fig. 1 ). The pulmonary artery was present but atretic. A circular, thin, white, elastic, perforated membrane at the base of the pulmonary artery was consistent with the pulmonary valve ( Fig. 2) . A patent ductus arteriosus (PDA) was present and was the only route for the blood to enter the pulmonary arterial tree (Fig. 3 ). The left ventricular lumen was markedly reduced (hypoplastic), and the free wall was thin (1.1 cm) ( Fig. 1 ). The ratio of the thickness of the left to right ventricular wall was 1:1.5. The left auricle was a closed chamber, and no mitral valve was present. The blood flowing into the left auricle through the pulmonary vein exited through an open foramen ovale, covered by a thick flap (Fig. 3) . The aorta originated from the left ventricle, and both coronary arteries were normal (Fig. 1 ). The aortic valves were normal. The only histologic lesion observed was a mild multifocal suppurative pneumonia with moderate pulmonary edema and congestion.
To the authors' knowledge, this case is the first report of this combination of congenital defects in a calf heart. Previously, 2 other calves had been examined at the University of Illinois Veterinary Diagnostic Laboratory, Urbana, IL, with similar defects. One animal had a hypoplastic left atrium and ventricle, a persistent ductus arteriosus, and dextroposition of the aorta. The second animal had marked right ventricular dilatation, marked left ventricular hypoplasia, double outlet of the right pulmonary artery and aorta, marked stenosis and adhesion of the aortic cusps with communication to the brachiocephalic artery, and atrial septal defect. In this case, the aorta was unaffected, whereas the pulmonary trunk was atretic.
There are 3 major means of communication between arterial and venous blood in the developing fetus: between the ventricles, between the atria, and between the great vessels. In this calf, all 3 fetal communications persisted in the form of a high VSD, a patent foramen ovale, and a PDA (Fig. 3 ). It has been reported that in large animals, PDAs often occur in conjunction with other defects, including pseudotruncus arteriosus, VSD, hypoplastic left ventricle, and atrial septal defect. 8 Pseudotruncus arteriosus is a condition in which the pulmonary trunk is atretic and blood gains access to the lungs for oxygenation through a PDA. 8, 12 Normally the ductus arteriosus closes within a few hours of birth. In this calf, it persisted for a 13 has been reported; however, this calf had left, not right, atrioventricular atresia with a VSD. Five additional cases of atrioventricular atresia have been described in foals in conjunction with subaortic septal defects and patent foramen ovale. 10 To the authors' knowledge, such defects have not been recorded in calves. Atresia of the pulmonary artery has been reported in a 1-yearold mixed-breed heifer in which the atretic pulmonary artery occurred in conjunction with a large VSD, persistent truncus arteriosus, and a PDA. 11 Although this case meets some of the criteria for major cardiac abnormalities that have been described in large animals, such as tetralogy of Fallot 9 or Eisenmenger's complex, 4,7 it does not precisely fit any of the models. The defect appears to be more closely related to HLHS in humans. Hypoplastic left heart syndrome is a condition in which the following cardiac defects are present: left ventricular hypoplasia, hypoplasia of the ascending aorta, abnormal aortic and mitral valves, a large PDA, and atrial septal defect or patent foramen ovale. 1, 3 Hypoplastic left ventricular syndrome has been described in a 2-day-old Appaloosa colt. In the foal, the left ventricle was hypoplastic, an atrial septal defect was present, and the ductus arteriosus was patent. 6 In humans, several surgical techniques have been developed for correction of HLHS. If left untreated, the combination of defects becomes lethal when the ductus arteriosus begins to close after birth. 1, 3 Such surgical correction techniques have not yet been attempted in large animals.
The clinical signs seen in this calf were attributed to hypoxia. The severity of the combination of cardiac defects was not compatible with life, and the ultimate cause of death in this case was likely pulmonary congestion with edema. disease and losses in dairy calves. Estimates of financial losses to the US cattle industry approach $1 billion per year. 14 Bovine respiratory disease is associated with stressful conditions, such as commingling and shipment of cattle, coupled with viral and bacterial infections. 30 The result of these conditions is often acute, severe bacterial pneumonia that can result in death, transient illness that may resolve after appropriate treatment, or progression to chronic pneumonia. 18 Poor
